Hysterectomy is the most common major gynaecological operation in the world. A high BMI is a risk factor for a number of diseases leading to hysterectomy such as fibroids and abnormal uterine bleeding (Laughlin et al., 2010) . BMI also seems to be associated with the risk of complications after most elective surgical procedures (Choban and Flancbaum, 1997) ; however, the studies that have examined whether BMI is associated with risk of complications after hysterectomy have been inconsistent (Holub et al., 2001; Lö fgren et al., 2004; Rasmussen et al., 2004; Chopin et al., 2009 ). In addition, many focused on one specific route of surgery, and included only small and selected groups of patients. One of the largest, recent studies included 1460 patients who underwent laparoscopic hysterectomy (LH) for benign conditions, and showed that a BMI . 30 kg/m 2 was not associated with an increased risk of peri-or postoperative complications, but a longer operating time was found for the obese women (Chopin et al., 2009) . In a larger, nationwide Swedish study, with focus on post-operative infections, Lö fgren et al. (2004) found that high BMI was a risk factor in 3297 women undergoing elective abdominal hysterectomy (AH) or vaginal hysterectomy (VH).
In the present study, we use prospectively collected data from a large national database to analyse whether BMI is associated with an increased risk of complications within 30 days after hysterectomy for benign indications. We also explore whether any risks associated with BMI differed in relation to whether the route of surgery was abdominal, vaginal or laparoscopic.
Materials and Methods
We used data from the 22 185 women reported to the Danish Hysterectomy Database (DHD) between January 2004 through December 2008. The DHD database was established in 2003 to monitor and improve surgical quality of benign hysterectomy in Denmark. The database was opened for registration in October 2003. The data collection process in the DHD is based on a structured registration form, which is completed by the surgeon whenever a woman is referred for a hysterectomy on a benign indication. The registration form consists of three parts: page 1, which includes baseline information completed before surgery on patient's diseases, lifestyle, height and weight and indications for surgery; page 2, which collects information on surgical procedures and possible prophylactic regiments immediately following surgery; page 3, which has information on post-operative hospitalization, complications and re-operations completed at discharge [the registration form (in Danish) can be found at www.kliniskedatabaser.dk/artikeldataVis.asp?id=30&m=2]. The data are reported to the National Danish Patient Register (LPR), using the unique person identification number for each citizen in Denmark, to link the information. The national response rate for DHD has been 88 -100%, throughout 2004 -2008 , when the LPR with all patient contact with clinical hospital departments was used as gold standard. The agreement between the reported data and the patient' files in LPR has also been found to be high (82-100%) (Hansen et al., 2008) . The DHD is accredited by the Danish National Board of Health and therefore no ethics review board approval or patient's consent is required. The socioeconomic data for each patient in the study population were derived by record linkage to the population-based Integrated Database for Labour Market Research (IDA) in Statistics Denmark.
The data were analysed and reported in accordance with the STROBE statement.
Assessment of BMI
Body height and weight, as reported to the surgeon at referral, were used for calculation of BMI as weight in kg divided by height in meters squared. Women with a BMI ,20 kg/m 2 were considered to have low BMI, while overweight was defined as BMI ≥ 25 kg/m 2 , and obesity as a BMI ≥ 30 kg/m 2 .
Outcome variables
Overall complication rate was estimated as at least one specific complication [bleeding, infection, organ lesion or other (those numbered 3 -5 in the text below)] reported at surgery or during the first 30 days postoperatively. In addition, the following 10 specific indicators of complications were examined: (i) the amount of bleeding during surgery in ml, (ii) heavy bleeding (defined as 1000 ml bleeding or more during surgery), (iii) all bleeding complications (peri-and post-operative vaginalvault/wound/intraabdominal bleeding or hematoma), (iv) infections (urinary, wound or intraabdominal), (v) organ lesions (urinary tract or bowel), (vi) other complications (urinary retention, pain and thromboembolic events), (vii) operation time, (viii) stay in hospital for more than 5 days, (ix) re-operation or (x) re-hospitalization within 30 days after surgery.
Covariates
The following variables, which have previously been shown to be associated with BMI and/or risk of complications (Choban and Flancbaum, 1997; Chopin et al., 2009) , were considered as potential confounding or mediating factors: age, ethnicity, education, smoking, indication for surgery, uterus weight, use of antibiotics and thrombosis prophylaxis, co-morbidities (hypertension and diabetes) and American Society of Anaesthesiologists (ASA) score. The clinical data were used as reported in the registration form. Few women had ASA score 4 and consequently this category was combined with 3. Information on education was achieved from the variable 'highest attained education' (HFFSP) of Statistics Denmark. Level of education was grouped in three categories: 'Basic education'corresponding to 7 -9 years of obligatory schooling. 'Medium education' was defined as 9 -12 years schooling, while 'Higher education' included all higher educations, approximating .12 years of education.
Statistical analysis
Differences in the distribution of variables by BMI were analysed using the x 2 test. Logistic and linear regression models were used to examine the influence of BMI on the various complications. Statistical interaction between BMI and route of hysterectomy was examined by adding an interaction term in the logistic regression model. Models with and without the interaction term were compared using likelihood ratio tests. Possible clustering within hospital departments were accounted for using the cluster option in STATA. Of the 22 185 women who underwent hysterectomy, 1832 (7.9%) had incomplete data concerning their BMI (n ¼ 1 710) or other co-variables [ASA score (n ¼ 91), indication (n ¼ 9), ethnicity (n ¼ 18) and hypertension (n ¼ 4)]. The patients with incomplete data were older and had more missing information on other variables (data not shown); hence they were excluded from the subsequent analysis. In addition, information on smoking were missing for 1448 patients, and we performed the analysis presented with all cases included in the models and missing information coded as unknown. All data analyses were performed on anonymous data following the instructions from the Danish Data Inspection.
Results
Of the 20 353 women with complete information on all clinical variables, 1236 (6.0%) had a BMI , 20 kg/m 2 , 6487 (31.9%) were classified as overweight and 3582 (17.5%) as obese. Table I shows the distribution in percent of the different indicators of complications in relation to BMI. The overall rate of complications was 17.6% with bleeding being the most common specific complication (6.8%). Those with low BMI (20.5%) and obese women (19.4%) seemed to have an increased risk of complications compared with women with normal (17.7%) or overweight (16.0%). The risk of heavy bleeding and infections were highest among obese women, while the risk of experiencing any bleeding complication seemed to be highest in women with a BMI ,20 and ≥ 30 kg/m 2 ( Table I ). The total amount of bleeding during the operation and operating time increased with 9.9 (9.2-10.8) ml or 1.3 (1.2-1.4) min, respectively, per unit increase in BMI. The percentage of re-operations was highest among women with low BMI. Table I also gives the distribution of the other patient characteristics in relation to BMI. In general, differences between the groups were small, but with the exception of use of antibiotic prophylaxis (P ¼ 0.08), BMI was associated with all other co-variables [age, ethnicity, education, smoking, indication for surgery, uterus weight, thrombosis prophylaxis, ASA classification, co-morbidities and route of hysterectomy (all P-values ,0.01)]. Thus, compared with women with normal weight, the obese women were more often of nonwestern origin, were less educated, non-smokers, had higher ASA scores and higher prevalence of co-morbidities. They were also more often operated on the indication of menorrhagia/metrorrhagia, had a uterus weight ≥ 500 g, received thrombosis prophylaxis and underwent AH. The women with low BMI were younger or much older, were less often of non-western origin, had lower prevalence of hypertension and were often smokers. The indication for surgery was pain and they underwent LH more often. A few women were converted from VH (n ¼ 219) or LH (n ¼ 81) to AH. This was not associated with BMI. Table II provides the crude and adjusted estimates in terms of odds ratios (ORs) or b-coefficients for the association between BMI and the different indicators of complications. For most outcomes, the crude estimates were somewhat attenuated when the co-variables were included in the regression model, but the associations between high BMI and the risk of heavy bleeding, the increasing amount of bleeding during operation and operation time remained significant after adjustments. Similarly, the U-shaped relationship between all surgical complications and higher risk of re-operations among women with low BMI remained significant. Overweight women seemed to have the lowest risk of all complications, re-hospitalization and reoperation. BMI were not associated with the risk of organ lesions.
The overall risk of complications were highest for AH (20.4%, n ¼ 2735) compared with VH (12.7%, n ¼ 895) or LH (15.3%, n ¼ 187). This difference was mainly due to the higher risk of bleeding. When the data were analysed for each of the three routes separately, we found that the risks associated with BMI seemed to depend on the route of surgery for all complications, all bleeding complications and infections ( Fig. 1 and Table III) , and when examined for potential statistical interaction between BMI and route of hysterectomy, we found significant interactions (P , 0.01) terms for these three measures of complications. There was a U-shaped relation between BMI and all complications and bleeding for AH, while this was not seen for VH and LH. The association between high BMI and increased risk of infections was only seen for AH, while women with low BMI who underwent LH seemed to have an increased risk of infections. The association between high BMI and risk of heavy bleeding or the total amount of bleeding during surgery did not vary according to the route of hysterectomy. However, the amount of bleeding during surgery was much higher for AH (313 ml) when compared with VH (137 ml) or LH (146 ml). The associations remained significant when operation time was included as an explanatory variable in the statistical model.
We repeated all the above analyses on the subsample with complete information on smoking. Besides broader confidence limits, these analyses gave results similar to those reported.
Discussion
In this nationwide study covering nearly all hysterectomies for benign indications in Denmark from 2004 through 2008, we found that high BMI was associated with increased overall risk of complications, mainly due to an increased risk of all bleeding complications and infections. High BMI was associated with increased risk of heavy bleeding, the amount of bleeding during surgery and a longer operating time. Furthermore, women with a low BMI had an increased risk of bleeding complications and re-operation. However, some of the risks associated with BMI seem to depend on the route of surgery. Thus, the increased risk of all bleeding complications and infection associated with a high BMI were only seen among women who underwent AH. These associations could not be explained by differences in indications for surgery, uterus weight or operating time. However, larger wound surfaces might be involved in the explanation and this factor might also contribute to the increased risk of infection. Women with low BMI who underwent AH also had an increased risk of postoperative bleedings, while those who had an LH seemed to have a higher risk of infections. Smoking influences wound healing and more women with low BMI were smokers, but adjustment for this behaviour did not influence the estimates. The former relation might be attributed to a potential protective effect of a moderate amount of subcutaneous adipose tissue and generally impaired wound healing. The latter result was based on few cases, was unexpected and might be a chance finding. Another more speculative explanation is that in women with low BMI, surgeons could have been more prone to perform LH even in cases of a greatly enlarged uterus in the belief that the procedure would have been feasible anyway. The complex procedures required to remove the uterus from below could have exposed the abdominal cavity to vaginal bacteria for a longer period compared with normal or overweight women with a more compliant vaginal canal.
A review published in 1997 on the impact of obesity on surgical outcomes included four small studies (Prem et al., 1965; Pitkin, 1976; Chapman et al., 1988; Foly and Lee, 1990 ) of women undergoing hysterectomy or other pelvic gynaecologic procedures for benign or malignant disease. All of these studies noted an increase in postoperative wound complications in obese patients, but the authors concluded that the risks of post-operative complications in obese patients were minimal. Some more recent studies have also analysed the association between BMI and complications after hysterectomy for benign indications. In an earlier Danish study with data from 444 VH and 503 AH performed at three regional hospitals, obesity was related to a larger peri-operative blood loss in VH and longer operating time in VH and AH (Rasmussen et al., 2004) . The study showed no associations between BMI and risk of infections, ileus or hematoma except for a higher incidence of wound hematoma after AH in women with a low BMI. However, the number of complications in the subgroups compared in this study was small (0-15) and the estimates were not adjusted for any potential confounding factors. As in our study, the larger, nationwide Swedish study (Lö fgren et al., 2004) found that BMI . 28 kg/m 2 was a risk factor for infection after elective AH and LH when age, smoking, diabetes, prophylaxis and hospital was adjusted for. A nationwide study comprising all hysterectomies for benign diseases performed in Finland during 1996 have analysed the influence of type of surgery on post-operative complications. In that study, the authors state that BMI was similar in patients undergoing AH, VH or LH, but did not report the relation between BMI and complications (Mäkinen et al., 2001) . Two previous studies concentrated only on LH and they showed that the risk of peri-and postoperative complications was not increased in obese women, while the operating time was around 15 min longer (Holub et al., 2001; Chopin et al., 2009) . In a recent study from India, risks of complications for 102 and 50 morbidly obese women (BMI ≥ 40) who underwent VH and AH, respectively, were compared with VH in 200 normal weight women. In that study time for VH was slightly longer in the obese women (80 min) compared with those of normal weight (70 min), while the time was longest for the obese women, who had an AH (102 min) (Sheth, 2010) . Similarly, our study indicated that there was no association between BMI and complications for LH, but that BMI was positively associated with operating time, independent of route of surgery. The latest Cochrane review on hysterectomy (Nieboer et al., 2009 ) recommends VH in preference to AH as a standard approach for smaller uteri ,300 g or when feasible due to equal or significantly better outcomes on all parameters. However, the review does not consider whether the influence of other risk factors for complications such as BMI vary by route of surgery. Thus, our results support and append to the recommendation that VH should be preferred whenever possible independent of the patient's BMI.
One of the strengths of our study lies in its prospective approach with nearly complete information on a number of important co-variables and outcomes for a large group of unselected patients. In this study, both patient and operation-related details in three approaches for hysterectomy currently used for benign disease are reported. It is not limited by such problems as the use of hospital records or the analysis of a specific approach for hysterectomy or selected patient population. Data on BMI and several other covariates were missing for some 8% of the women. This problem was the largest for data from a few hospitals, mainly private hospitals. Thus, our findings might not apply to these groups. In this study, we used 20 kg/ m 2 as cutoff for low BMI, although underweight is commonly defined as BMI , 18.5 kg/m 2 . However, the number of women with a BMI , 18.5 kg/ m 2 was relatively small (1.6%, n ¼ 339), and consequently the estimates was rather imprecisely estimated (with broad confidence interval) in this group. When the analyses were repeated using the cutoff at 20 kg/m 2 (also used in some previous studies), we found nearly the same but now more precisely estimated pattern of associations.
In conclusion, this observational cohort study suggests that women with a high BMI who undergo hysterectomy on a benign indication have an increased risk of heavy bleeding, all bleeding complications and infections if they have a AH. Women with low BMI who have AH also had an increased risk of all bleeding complications, while those who have an LH seem to have a higher risk of infection. This indicates that in obese women a gynaecologic surgeon should choose VH or LH whenever possible.
Authors' roles M.O. had the original study idea and designed the study. All authors have contributed to the development of the original study idea and design of the study. M.O. did data analyses and took responsibility of writing the paper. All authors participated in interpretation and discussion of the findings. All authors have seen and approved the final version of the manuscript. M.O. had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
